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ABSTRACT 


A  method  proposed  by  Tanlguchi  has  been  used  to  compute  the 
perfomnance  characteristics  of  vertical  axis  propellers  having 
cycloidal  blade  motion  and  semi-elliptic  blades.  Numerical  results 
of  thrust  and  torque  coefficient  and  efficiency  are  presented  for 
a  wide  range  of  advance  coefficients,  maximum  blade  angle,  and 
blade  solidity. 

Good  agreement  between  the  experimental  performance  and  the 
computed  results  is  obtained  for  two,  three,  and  six-bladed 
cycloidal  propellers . 


INTRODUCTION 

In  a  series  of  three  papers,  Tanlguchi  presented  a  method  for  numeri¬ 
cally  evaluating  the  performance  characteristics  of  vertical  axis  pro¬ 
pellers  In  the  firs!  pap<-r  he  derived  expressions  for  the  thrust, 

torque,  and  efficiency  of  a  vertical  axis  propeller  based  on  certain  simpli¬ 
fying  assumptions  and  estimates.  After  conducting  experiments  with  a  six- 
bladed  vertical  axis  propeller  he  modified  the  earlier  expressions  for  the 
propedler  performance.  The  final  form  of  the  computational  method  proposed 
by  Tanlguchi  was  presented  in  detail  as  a  doctoral  thesis. 

To  assess  the  validity  of  Tanigiachi's  method  over  a  wide  range  of  con¬ 
ditions,  computations  were  carried  out  at  the  David  Taylor  Model  Basin  using 
his  method.  The  results  of  the  DTMB  computations  were  compared  with  avail¬ 
able  data  from  DIMB  experimental  investigations  on  two,  three,  and  six- 
bladed  cycloidal  propellers.  In  addition,  numerical  evaluation  of  propeller 
performance  characteristics  were  carried  out  over  a  large  range  of  propeller 
eccentricity  and  blade  solidity.  The  results  of  all  the  computations  and 
the  comparison  are  presented  in  graphical  form, 

OUTLINE  OF  TANIGUCHI'S  METHOD 

The  method  proposed  by  Tanlguchi  for  computing  the  performance  charac¬ 
teristics  of  vertical,  axis  propellers  is  based  on  the  assumption  that  quasi- 
steady  state  motion  exists,'*  The  total  thrust  and  torque  of  the  propeller 

^  References  are  listed  on  page  10. 

*  An  attempted  uns+eady  theory  for  vertical  axis  propellers  was  analyzed 
in  a  recent  reporl 


is  evaluated  by  integrating  the  lift  and  drag  forces  exerted  on  each  blade 
section.  For  this  purpose  numerical  values  of  lift  and  drag  coefficients 
of  the  blade  sections  are  required.  In  addition,  an  estimate  of  the  mag¬ 
nitude  and  direction  of  the  Induced  velocity  at  every  blade  section  must 
be  made.  Taniguchi  assumed  (l)  that  only  the  longitudinal  velocities 
Induced  by  the  trailing  vortex  system  {i.e,,  those  in  the  direction  of 
propeller  advance)  contribute  to  the  thrust  and  torque  of  the  propeller, 

(2)  that  they  are  of  constant  magnitude  over  the  length  of  blade,  (3)  that 
the  Induced  velocity  is  not  a  function  of  the  orbital  position  of  the  blade. 
The  value  of  the  Induced  velocity  is  obtained  from  momentum  considerations 
with  modifications  based  on  experimental  performance  of  a  six-bladed  vertical 
axis  propeller. 

The  details  of  the  derivation  of  Taniguchi 's  method  are  as  follows t 

Each  propeller  blade  is  assumed  to  rotate  with  constant  angular 
velocity  about  the  center  ”0"  which  advances  at  constant  speed  u^ 

(Figure  l).  As  a  consequence  of  the  motion,  the  fluid  exerts  a  force  on  each 
section  of  the  blade.  This  force  can  be  resolved  into  two  components:  the 
section  lift  force  and  the  section  drag  force .  These  forces  can  be  expressed 
in  terms  of  the  force  coefficient  and  dynamic  head,  namely 

^  C 

where  the  lift  is  in  a  direction  perpendicular  to  the  resultant  field 
velocity  past  each  blade  section,  while  the  drag  is  parallel  to  the  resultant 
velocity. 

Taking  the  components  of  the  lift  and  drag  force  on  the  blade  section 
in  the  direction  of  forward  mction  of  the  propeller,  the  thrust  force  due  to 
each  blade  section  is  obtained; 

t  Cos  C ^—cp  "^o< )  'i' d  s<  n  ^  &  "(p  -t- oc ) 
where  fy  is  the  blade  orbit  angle,  tp  is  the  blade  angle,  and  is  the 
angle  of  attack  C'f  blade  section.  For  most  of  the  orbital  positions  of  the 
blade,  the  drag  con^rlbunicn  Lo  the  section  thrust  will  be  small  in  com¬ 
parison  to  the  lift  contribution.  An  exception  occurs  at  orbit  angles  in 
the  neighborhood  cf  90  s-fid  270  degrees.  Since  the  integrated  effect  over 
the  entire  orbit  Is  cf  concern  here,  Taniguchi  neglected  the  drag  term.  Thus 


^  Ur  t,  ^  I  y 


The  moment  about  the  propeller  origin  acting  on  each  blade  section 


Is  (see  Figure  2) 

m  i  ^  -  I  T^cos<^ 

1-  d  c^oz  ’+-d  s-nv.  {9P~  R  ^ 

Using  trigonometric  simplification,  we  obtain 
(fT\  =  -^1  R  ^cp''o^'^  *4-  cL 

inn  !=  f?  lC^  5i n,  ce.£ -o*  )J 


To  obtain  quantitative  evaiuar.ion  of  propeller  performance,  values 
must  now  be  assigned  to  these  coefficients.  In  his  earlier  paper, ^  Tanlguchi 
used  the  following  valuer  for  the  drag  ana  lift  coefficient: 

Cl  =  <1^  ^  S.  3 A-  o(  (of  in  radians ) 

Ca  =  Cjo  -t  k  o(^  =-0.10  ■+■  (s 

These  values  were  based  on  averages  obtained  from  wind  tunnel  tests  on 

2 

airfoil  sections.  In  his  second  paper,  Tanlguchi  revised  the  expression 
for  the  drag  coefficient  bared  on  the  experiments  conducted  by  him  on  six- 
bladed  cycloidal  propel lore  with  semi"elliptic  blade  outline.  The  revised 
expression  is  as  follows: 

Ci  -  Cdo  +  =  0.019  4-  2.2.4 

SubotlLuting  into  the  expression  for  thrust  and  moment  of  the;  blade  section 
we  obtain 

■fc  =  ^  V*C  Cle  CX  004  ^0- ~  cp +•  ^ 

and  w=  V^C  R  EdoOf  vAIiv  ^rp-cx)  ■+  CC^o  +  ^ 

To  evalua^-.e  the  thrurt  and  torque  of  a  given  propeller,  the  following 
relationships  musi  be  known: 

(1)  The  variation  of  rejultant  velocity  (v)  at  each  blade  section 
with  blade  orbit  angle  (6-) . 

(2)  The  varl a+ :f^n  of  blade,  angle  ( )  with  blade  orbit  angle  (0'). 

From  a  knowledge  of  v  and  at  every  blade  orbit  position,  we  can  derive 
a  relationship  between  ang-e  oi  atuack  (  f  blade  (<x)  and  orbit  angle  (^) . 

In  evaiua+ing  ‘he  r- suLtant  velcci‘y  v  past-  each  blade  section, 
Tanlguchi  Included  only  *he  induced  v^-lecity  in  the  direction  of  forward 
motion  of  the  propflier.  Thus  he  takes 


v*'  “  C'nyrO)^  Cu-o+'W'i.)^  "  -t-w.;)  otrD^i*,^  (9- 

Dividing  by  (  n  tr^  )  we  obtain 

{  'j  ^  ~  I  -b  —  Zf  4-  ^i. )  ^ 

He  furtber  assumed  that  the  induced  velocity  is  constant  over  the  entire 
length  cf  blade  and  ir,  independent  of  blade  orbit  position. 

For  cycloidal  blade  motion,  the  tangent  of  the  blade  angle  varies 
■with  the  orbit  angle  in  the  following  manner: 

<p  =  '•‘.-“t,,. 

'  •  ~  '’1 

where  ifj  Ic  the  eccentricity  setting  of  the  propeller  and  is  related  to 
the  maximum  blade  angle  ac  indicated  in  Figure  3" 

By  appropriate  substitution  we  obtain  an  expression  for  cos^&-f-tol') 

In  terms  of  ©•  ,  ^  ,  and  namely 

COS  re^-cp  +  o;^  =  ±  p - . 

Y  1  +  +  XY  X')  0- 

Where  the  positive  signs  appller  to  values  of  p-  between- Vj.  and  ^2.  ^  while 
the  negative  sign  applies  to  values  of  0-  between  and  .  By  further 

subetltution,  we  obtain  the  fol'i  owing  relation  betw^^^-en  angle  of  attack  (cK  ) 
of  the  blade  section  and  Made  orbl":.  angle  (O'): 

I  o(  =3  ~  ')  ^ 

I  — /'•y  4-  ^ 

where  the  seane  siign  conv-nMon  as  given  above  hi  Ids .  For  small  angles  W 
l.e.,  for  angles  of  at'-ack  b-  lcw  -the  stall  angle  (12  to  1.6  degrees)^ -fsjncf  ^ Of, 
Thus  the  section  thrur.+  a*  a  given  orbit  pc/Sl-*.ion  is 

The  thrm-t  of  each  ‘^'lade  a"*:  a  given  crhltai  po&itlc^n  Ic  then  obtained 


by  Integrating  over  t-he  i-iade  leng^.ho  That^ 

T(&:)  =  Id:  ab 

For  bladPK  wit.h  ;ee.Til -elliptic  outline,  the  t.hrupt  cf  each  blade  becomes 

the  assumption  of  constant  induced  velocity  and  symmetry  of  blade 

motion  (Figure  3)^  the  thru!  t  of  ea.ch  blade  is  symmetric  in  the  forward  and 

aft  half  cf  the  cri  i*  .  T'o  obtain  the  average  thrust  of  each  blade  (  t  ,  ), 

av 

we  need  to  a'v-'trage  .-vor  ha!f  the  orbj-*  only.  Thus 


ii 


I  ^  ^  I/s  ir*  I  iTs^-/  T  o  ^  ^  2n.  j<v 


The  total  thrust  of  the  propeller  is  then  obtained  by  multiplying  by  the 


number  of  blades 


=  z  T, 


The  moment  of  the  blade  section  about  i.he  propeller  origin  becomes 

a  'Dr  /I.  ^  ^  ^  ^ 

im  ■=  ;%  c  -p-CTTnDj  L<2-o  n?-  a-  >1;.  ; - ^ - —  co£^&' 

^  \ -  fj 

+-Cdo[i  -  r5\+-Ai)  1^0-371  +  CTi+xy - 

h-'i-%)’{t-fyt\)4^.»]  r-*- 

The  total  torque  of  the  prcipe.ll'  r  is  then  given  by 

^  wdbc^O- 


For  brevity,  let 


-r  _L  r 

“^i~Tr 

I  ...  j_  r^  j:i-/Ptx;yuU.6-3Tfi 


■tdc‘^&’4B' 


The  thrust  and  torque  of  the  propeller  therefore  become 

r='"/4  zpcib„*D''a,r'?-!(-i)  t 

Q,  Z  f  Cj  k>  n‘I)^  foo  Xi  +Cdo  Xj  +  k  IjI 

Define  the  thrus*.  and  torque  coefficients  follows: 

T 


= 


end  K_  =  - — 

^  pn*D*b 

z.  ^ 

In  addition,  let  O'  =  -~-^  te  the  solidity  of  the  blades.  We,  therefore, 
obtain  the  following  e:>fpre,sslons  for  the  thrurt  and  tcrque  coefficient 


K-,  -  ’^/^g  a^d  {''y|-^-';4)Ii 


-I  . 

K  _  -  illi 


0  ICda  ±2  +  k  ^“rt^y  J3] 


Further  the  propeller  efficiency  is  given  by 

e=  ^  i- 

The  Integrals  I-,  I,~,  and  can  be  evaluated  numerically  for  values 
of  eccentricity,  advance  coefficient  and  Induced  velocity  factor.  There 
now  remains  the  problem  of  estimating  values  of  the  Induced  velocity 
factor.  To  obtain  this  estimate,  Tanlguchi  used  a  momentum  relation, 
namely 

-f  ^  I>b  ^  ^u.o] 

Nondimens ionali  zing  we  obtain 


where  K is  a  correction  factor  to  account  for  non-uniformity  of  induced 
velocity  over  the  blade  length.  In  Reference  1,  Tanlguchi  estimated  the 
value  of  "K.  as  I.I76.  After  conducting  experiments  on  a  slx-bladed 
propeller,  and  obtaining  a  large  discrepancy  between  computed  and  experimental 
values  of  advance  coefficient  at  zero  thrust^ Tanlguchi  modified  the  momentum 


relation  for 


to 


It,!.  “  ^  Cji+WJi 


The  factor  4<.  is  now  a  projected  area  reduction  factor.  This  modification 

resulted  in  a  revised  value  of  namely  1.3f.l» 

Values  of  induced  velccity  factor  as  a  function  of  propeller  thrust 

coefficient  for  various  advance  coefficient  are  given  in  Figure  k. 

To  obtain  performance  characteristics  of  a  propeller,  of  specified 

solidity  over  a  range  of  advajice  coefficients,  the  two  exx-ressions  for 

must  be  solved  simultaneously.  This  is  done  by  graphical  solution  as 

indicated  by  the  example  -'.hown  in  Figure  5>  where  the  two  expressions  for 

thrust  coefficient  have  been  plotted  for  an  eccentricity  of  O.7  over  a  range 

of  solidity  and  advance  coefficient .  The  Intersection  of  the  =  constant 

and  ^  =  constant  curves  gives  the  value  of  thrust  coefficient  desired. 

Using  his  revised  values  for  section  drag  coefficient  and  fC  ,  Tani- 
P 

guchi  computed  the  performance  charac'-eristlcs  of  vertical  axis  propellers 
with  semi -elliptic  blade  outline  and  solidity  of  O.UO. 
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RESULTS  OF  DTMB  NUMERICAL  EVALUATIONS 


Using  the  procedure  outlined  above  and  the  revised  values  of  section 
drag  coefficient  and  Induced  velocity  factor,  the  thinist  coefficient,  torque 
coefficient  and  efficiency  of  vertical  axis  propellers  with  cycloidal  blade 
motion  and  semi-elllptlc  blade  outline  were  evaluated  by  the  David  Taylor 
Model  Basin  over  a  range  of  advance  coefficients,  maximum  blade  angles 
(eccentricities),  and  solidities.  The  results  of  these  computations  are 
given  in  Figures  6  and  T«  Propell.er  performance  at  values  of  eccentricity 
and  solidity  other  than  those  given  in  the  figures  can  easily  be  obtained 
by  cross  plotting. 

As  seen  in  the  figures,  the  performance  charac^.erlstlcs  were  evaluated, 
at  eccentricities  up  to  0.95 «  It  is  clear,  however,  that  in  some  cases  the 
angles  of  attack  will  be  large  and  the  angl.e  of  st.al.l  will  be  exceeded. 

Since  small  angles  of  attack  were  assumed  in  the  derivation  and  since  reduced 
lift  characteristics  of  the  blade  sections  are  obtained  for  angle  of  attack 
exceeding  the  stall  angle,  reliab'la  predictions  of  the  performance  charac¬ 
teristics  cannot  he  expected  for  those  cases.  To  illustrate  this  limitation, 
a  typical  variation  of  the  angle  of  attack  with  blade  orbit  angle  is  shown 
in  Figure  8.  From  the  expression  for  ^  given  in  the  preceding  section,  it 
is  seen  that  for  a  given  eccentricity,  the  maximum  angle  of  attack  always 
occurs  at  zero  advance  coefficient.  Thus,  values  of  maximum  at  zero 
advance  were  computed  over  a  range  of  eccentricity  and  5olldl-;y  and  are 
given  in  Flgiare  9* 

From  Figures  6  and  7  "is  further  s'^en  that  the  total  thinist,  torque 
and  maximum  efficien‘''y  of  the  cycloidal  propel.lers  increase  with  increase 
in  maximum  blade  angle,  Fcr  increase  in  blade  solidity,  the  total  thrust 
and  torque  increases.  However,  '‘.he  ■‘hrust  and  torque  of  each  blade  and  the 
maximum  efficiency  cf  ohe  propell.'^r  decrease  with  increase  in  number  of 
blades  of  same  dimeneicnf- .  Buch  decrease  In  ■‘hrust  per  blade  and  efficiency 
is  also  character!  £ ic  of  acrev  propellers  (see  e.g.  Reference  5)« 
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COMPABISON  WITH  DTMB  EXPERIMENTS 


A  comparison  was  made  between  the  results  of  the  DHMB  computations 
using  Taniguchi’s  method  and  DOME  experimental  measurements  of  the  per¬ 
formance  of  vertical  axis  propellers  with  blades  having  seml-elllptlc 
outline.  The  experiments  were  conducted  with  propellers  having  two,  three, 
and  six  identical  blades .  Cycloidal  blade  motion  was  used  in  the  experiments 
with  eccentricity  settings  of  0.4  and  0.6.*  The  aspect  ratio  of  the  DOME 
blades  was  the  same  as  Tanlguchi  used  in  his  experiments.  The  comparison 
between  experimental  and  computational  results  is  shown  in  Figures  10  and  11. 
It  is  seen  from  the  figures  that  good  agreement  is  obtained  between  the  com¬ 
puted  and  experimental  values  of  propeller  performance.  Of  particular 
interest  is  the  good  prediction  of  the  effect  of  varying  the  number  of  blades 
on  the  propeller. 

The  correction  factor  («{<■  )  and  section  drag  characteristics  k) 

were  evaluated  by  Tanlguchi  at  the  zero  advance  condition.  He  obtained  an 
average  value  of  1.321  based  on  his  experimental  results  of  a  slx-bladed 
propeller  at  four  different  eccentricity  settings.  Table  1  gi'ves  values  of 
K  evaluated  from  the  results  of  the  DTMB  experiments . 


TABLE  1 

Evaluation  of  < 


1 

z 

0.4 

0.6 

2 

3 

6 

2 

3 

6 

K^(exp) 

0.70 

0.86 

1.13 

1.22 

1.56 

2.13 

\  (exp) 

0.212 

0.240 

0.277 

0.287 

0-323 

0.375 

k 

1.264 

1.312 

1.340 

1.332 

1.312 

1.303 

Av. 

1.305 

1.315 

*  The  results  of  the  DG7MB  experimental  investigation,  in  which  blade  motion 
and  blade  outline  was  varied,  will  be  reported  in  detail  in  a  forthcoming 
report . 


8 


In  Table  2,  the  quantities  used  to  evaluate  the  section  drag  characteristics 
are  given.  A  plot  of  these  quantities  is  also  shovn  in  Figure  12. 


TABLE  2 

Evaluation  of  Section  Drag  Coefficient 


O.L 

0.6 

z 

2 

5 

6 

ry 

£l 

3 

6 

K,j,(exp) 

0.70 

0 .86 

1.13 

1,22 

1.56 

2.13 

K^(exp) 

0.12 

0.16 

0.219 

0.32 

0.40 

0.58 

(comp) 

0.212 

0.240 

0,277 

0.287 

0.323 

0.375 

Ig(comp) 

1.03^ 

1.043 

1-057 

1.062 

1-077 

1.105 

I- (comp) 

0.506 

0,500 

0.492 

0.535 

0.520 

0.497 

)Kr 

0.0547 

0.0445 

0.0243 

0.1685 

0.1124 

0 .06711 

0.0173 

0.0123 

0.00703 

0.0494 

0.0370 

0,0229 

CONCLUSIONS 

The  computational  procedure  proposed  by  Taniguchl  for  evaluating  the 
performance  characteristics  of  vertical  axis  propellers  is  adequate  for 
propellers  vlth  cycloidal  blade  motion  and  semi-elliptic  blades.  For  this 
type  of  propeller  the  procediire  gives  satisfactory  prediction  of  the  effect 
of  number  of  blades  on  propeller  performance. 

For  each  blade  motion  other  than  cyclcidel  motion,  experimental 
results  are  required  to  obtain  new  values  of  the  correction  factor  4d  .  In 
addition ;  large  changes  in  aspect  ratio  of  the  blade  will  affect  the  mag¬ 
nitude  of  the  correction  factor.  Further,  significant  variation  in  bleuie 
motion  would  probably  result  in  different  values  of  ther  sesction  character¬ 
istics  . 

In  summary,  the  most  serious  limitation  of  Taniguchl 's  method  lies 
in  the  way  the  induced  velocities  are  estimated;  specifically,  in  the 
assumption  that  only  the  longltudinai  components  contribute  to  propeller 
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performance,  in  the  assumption  tha^  the  induced  velocity  is  constant  over 
the  entire  length  of  the  blade,  and  finally  in  the  fact  that  the  induced 
velocity  cannot  be  computed  without  resorting  to  determination  by  experiment. 

REFERMCES 

1.  Taniguchi,  K.,  "An  Approximate  Solution  of  the  Voith-Schneider 
Propeller”,  J1  of  Zosen  Klokal  (Trans.  Soc.  of  Naval  Arch,  of  Japan) 

Vol.  7^  (19^^)  PP  15:3-16.1. 

2.  Taniguchi,  K.,  "Hydrodynemical  Investigations  of  the  Blade  Wheel 
Propeller",  J1  of  Zosen  Klokal,  Vol.  88  (1950)  PP  63-7^“ 

3.  Taniguchi,  K.,  "Studies  on  a  Trochoidal  Propeller”,  Doctor  of 
Engineering  Thesis,  Tokyo  University  (i960). 

4.  Haberman,  W.L.  and  Caster,  E.B.,  "Performance  of  Vortical  Axis 
(Cycloidal)  Propellers  A.ccording  to  Isay’s  Theory”,  International 
Shipbuilding  Progress  (in  publication);  or  David  Taylor  Model  Basin  . 
Hydromechanics  Laboratory  TN  31  (Mar  1961.). 

5.  Morgan,  W.B.,  "Open  Water  Tost  Series  of  a  Controllable  Pitch 
Propeller  with  Varying  Number  of  Blades",  David  Taylor  Model  Basin  Report 
932  (Nov  1954). 


10 


14 


Figure  5  -  Thrust  Coefficient  as  a  Function  6f  Advance  Coefficient  and  Induced  Velocity 
Factor  for  Varieua  Blade  Solidities 
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Figure  6(a)  -  Variation  of  Thrust  Coefficient  with  Advance  Coefficient 

and  Eccentricity  for  Various  Values  of  Blade  Solid ity^  O’  =  ,067 
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Figure  6(b)  -  Variation  of  Thrust  Coefficient  with  Advance  Coefficient 

and  Eccentricity  for  Various  Values  of  Blad''-  Solidity^  (J  s  ,133 
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Fipure  6(d)  -  Variation  of  thmst  Coefficient  with  Advance  Coefficient 

and  Eccentricity  for  Various  Values  of  Blade  Solidity,  O’  »  ,400 
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Figure  6(e)  ^  Variation  of  Thrust  Coefficient  with  Advance  Coefficient 

and  Eccentricity  for  Various  Values  of  Blade  Solidity,  (T  =  ,533 
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Figure  6(f)  -  Variation  of  Thrust  Coefficient  with  Advance  Coefficient 

and  Eccent-ricity  for  Various  Values  of  Blade  Solidltvj  CT  *  ,670 
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Figure  6(g)  -  Variation  of  Thrust  Coefficient  with  Advance  Coefficient 

and  Eccentricity  for  Various  Values  of  Blade  Solidity,  O’  =  ,800 
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Figure  6(h)  -  Variation  of  Thnaet  Coefficient  with  Advance  Coefficient 

and  Eccentricity  for  Various  Values  of  Blade  Solidity,  CT  =  1,200 
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Figure  7(a)  -  Variation  of  Torque  Coefficient  and  Efficiency  with  Advance 
Coefficient  and  Eccentricity  for  Various  Values  of  Blade 
Solidity,  o  =  .067 
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Figure  7(h)  -  Variation  of  Torque  Coefficient  and  Efficiency  with  Advance 
Coefficient  and  Eccentricity  for  Various  Values  of  Blade 
Solidity,  o  =  .13^ 
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Figure  7(c)  -  Variation  of  Torque  Coefficient  and  Efficiency  with  Advance 
Coefficient  and  Eccentricity  for  Various  Values  of  Blade 
Solidity,  o  =  .267 
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Figure  7(<i)  -  Variation  of  Torque  Coefficient  and  Efficiency  with  Advance 
Coefficient  and  Eccentricity  for  Various  Values  of  Blade 

i-?  i  ^  d  u  ^  ^  I  s-'  V 


24 


ADVANCE  COEFFICIENT  (X  ) 


Figare  7(e)  -  Variation  of  Torque  Coefficient  and  Efficiency  with  Advance 
Coefficiiipt  eurjd  Eccentricity  for  Various  Values  of  Blade 
Solidity,  a  =  .553 
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Figure  7(f)  -  Variation  of  Torque  Coefficient  and  Efficiency  with  Advance 
Coefficient  and  Eccentricity  for  Various  Values  of  Blade 
Solidity,  a  =  .670 
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Figure  7(g)  -  Variation  of  Torque  Coefficient  and  Efficiency  -with^ Advance 
Coefficient  and  Eccentricity  for  Various  Values  of  Blade 
Solidity,  o  =  .800 


27 


ADVANCE  COEFFICIENT(X) 

Figure  7(h)  -  Variation  of  Torque  Coefficient  and  Efficiency  with  Advance 
Coefficient  and  Eccentricity  for  Various  Values  of  Blade 
Solidity,  o  =  1.20 
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Angle  of  Attack  cC  in  Degrees 


Figure  8  -  Typical  Variation  of  Angle  of  Attack  of  Blade  Section  with  Orbital 
Position 
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Maximum  Ajigle  of  Attack  as  Function  of  Eccentricity  and  Solidity 
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Figure  10(a)  -  Comparlsr>n  of  Computed  and  Experimental  Performance  Characteristics  of  a 
Vertical  Axis  Fropeller  with  Semi-elliptic  Blades;  Eccentricity  =  0,4 
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Figure  10(b)  -  Compariaon  of  Computed  and  Experimental  Performance  Characteristics  of  a 
Vertical  Axis  Proreller  with  Semi-el llptic  Blades;  Eccentricity  ==  0,4 
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Figure  10(c)  -  Comp 
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Figure  11(a)  -  Comparison  of  Computed  and  Experimental  Performance  Characteristics  of  a 
Vortical  Axle  Pro^iellers  with  Semi-elliptic  Blades;  Eccentricity  =  0*6 
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Figure  11(b)  -  Compariaon  of  Computed  and  Experimental  Performance  Character! stlcB  of  a 
Vertical  Axis  Propellers  with  8eini-*e1  liptie  Blades;  Eccentricity  =  0,6 
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Figure  11(c)  -  Comparison  of  Computed  and  Exparimental.  Perfonriance  Charac*  ariatlca  of  a 
Vertical  Axle  rropellsrs  vith  Semi -til 1 ptic  Blades;  Eccentricity  s  0.6 
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Figure  12  -  Plot  for  Evaluating  ^he  Section  Drag  Coefficient 
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